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(57) ABSTRACT 

A liquid crystal display element is formed by providing a 
liquid crystal layer made of ferroelectric liquid crystal 
material between electrode substrates. One of (he electrode 
substrate is composed of a substrate, electrodes, an insulat- 
ing film, and an alignment film, while the other substrate is 
composed of a substrate, electrodes, an insulating film, and 
an alignment plate. The alignment film is formed by mixing 
a substance with ionic bond in an alignment film material 
and thereafter applying the mixture on the paired substrates 
on each of which the electrodes and the insulating film are 
provided. With this arrangement, ions are eluted from the 
alignment films thus formed into the liquid crystal layer, 
thereby becoming dispersed therethrough homogeneously. 
This remarkably reduces influences of display history, and 
half-tone display with excellent response characteristics can 
be realized, being not affected by display history. 

13 Claims, 14 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY ELEMENT AND 
MANUFACTURING METHOD THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a ferroelectric liquid 
crystal display element which realizes analog- type gray 
scale display, and a method for producing the same. 

BACKGROUND OF THE INVENTION 

Ferroelectric liquid crystal was first synthesized by R. B. 10 
Meyer in 1975. Thereafter, it was confirmed by N. A. Clark 
and S. T Lagerwall that in the case where a gap between 
substrates provided vis-a-vis is narrowed, ferroelectric liq- 
uid crystal exhibits bistability. 

Further, a variety of researches have been done on ferro- 
electric liquid crystal to seek for application of its utility, and 
consequently various display modes have been contrived. A 
typical one among them is a display mode in which liquid 
crystal material has positive dielectric anisotropy and is 2Q 
aligned in a CI orientation. The CI orientation refers to an 
alignment wherein liquid crystal molecules 22 are tilted at 
wider angles with respect to smectic layers 21 which are 
bent to form a chevron structure, as shown in FIG. 2(a). 

A mode generally called x-Vmin mode, in which liquid 25 
crystal material has negative dielectric anisotropy and is 
aligned in a C2 orientation, is also typical. The C2 orienta- 
tion refers to an orientation, as shown in FIG. 2(b), wherein 
the liquid crystal molecules 22 are tilled at narrower angles 
with respect to the smectic layers 21 which are bent to form 30 
the chevron structure. This mode is characterized in that due 
to the C2 orientation, high response is easily realized as 
compared with the case of the CI orientation, and that since 
the liquid crystal material has negative dielectric anisotropy, 
a memory angle is increased by a bias voltage. 35 

In the foregoing two modes, since the liquid crystal 
molecules 22 basically exhibit binary bistability, only gray 
scale display with two gray levels (black and white) is 
obtained in display in the case where either of the modes is 
applied to a display device. Therefore, as to such a conven- 40 
tional display device, to increase the number of gray levels 
in gray scale was an object to be achieved. By using the 
frame division driving scheme, the pixel division scheme, or 
the like, the number of gray levels in gray scale can be 
increased to some extent, but to further increase the number 45 
of gray levels in gray scale is hardly possible because of 
limitations of the liquid crystal material and the device 
structure. Particularly to achieve the gray scale of 256 gray 
levels per one color of RGB which is required for full color 
display is extremely impossible. 50 

Therefore, realization of the analog-type gray scale dis- 
play in a ferroelectric liquid crystal display clement has been 
demanded. To meet this demand, the following, for example, 
have conventionally been proposed: a method wherein 
analog-type gray scale display is realized by generating 55 
domains using as nuclei fine particles mixed in liquid crystal 
(see the Japanese Publication for Laid-Open Patent Appli- 
cation No. 194693/1994 (Tokukaihei 6-194693), date of 
publication: Jul. 15, 1994); and a method wherein analog- 
type gray scale display is realized by generating domains 60 
using polymers dispersed in liquid crystal (see the Japanese 
Publication for Laid-Open Patent Application No. 236830/ 
1997 (Tokukaihei 9-236830), date of publication: Sep. 9, 
1997, which corresponds to the U.S. patent application Ser. 
No. 09/066215). 65 

In the case where these methods are applied to analog- 
type gray scale display, however, there arises a problem of 
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display history that display of a current frame is affected by 
a state of a display of a previous frame. More specifically, in 
the case where signals of black data are continuously applied 
to pixels and thereafter signals of half tones are continuously 
applied to pixels, the intensity of light transmitted through 
pixels, supposing that display history would not exist, imme- 
diately changes from a black level to a half-tone level as 
shown in FIG. 15(a). In contrast, since display history exists 
in practice, as shown in FIG. 15(6), the intensity of the 
transmitted light does not immediately change to a half-tone 
level after application of half-tone data and gradually 
changes to reach the half-tone level after several frames. 

Conventionally, such a scheme as using a conductive 
alignment film or shortening each frame time of a driving 
signal (The 22nd Japanese Liquid Crystal Conference, 
pp. 19 1-192) has been preferably applied to solve the fore- 
going problem. There has been also proposed a scheme of 
giving conductivity to an alignment film by mixing a con- 
ductive substance therein (Japanese Journal of Applied 
Physics, Vol. 28, No. 1 January 1989, pp. L116-L118, date 
of publication: Dec. 15, 1988). This scheme, however, is 
used for enhancing the bistability of liquid crystal. 

Incidentally, the following description will explain behav- 
iors of ferroelectric liquid crystal in the case where an ionic 
substance is mixed in the ferroelectric liquid crystal. 

Usually, mixture of an ionic substance in ferroelectric 
liquid crystal adversely affects characteristics of ferroelec- 
tric liquid crystal. For example, a burn-in phenomenon 
occurring to a display screen, and a uni-stable state, i.e., a 
state in which only one state of bistable states is stabilized, 
are induced. This is caused by accumulation of ions in liquid 
crystal. As a method for preventing such adverse influences 
of ions, there have been proposed a method of causing an 
alignment film to attract ionic substances (see the Japanese 
Publication for Laid-Open Patent Application No. 245962/ 
1996 (Tokukaihei 8-245962), date of publication: Sep. 24, 
1996) and a method of injecting ion-removed liquid crystal 
into an empty cell (see the Japanese Publication for Laid- 
Open Patent Application No. 181508/1995 (Tokukaihei 
7-181508), date of publication: Jul. 21, 1995). 

In some cases, ions enhance characteristics of ferroelec- 
tric liquid crystal. For example, in the case where ferroelec- 
tric liquid crystal is driven by TFTs (thin film transistors), 
mixture of ions produces an electrical double layer in the 
ferroelectric liquid crystal, which, without raising a signal 
voltage, prevents a voltage applied to the liquid crystal from 
lowering (see the Japanese Publication for Laid-Open Patent 
Application No. 43643/1997 (Tokukaihei 9-43643), date of 
publication: Feb. 14, 1997). In this method, liquid crystal is 
injected into a cell after ionic substances are directly mixed 
in the liquid crystal. 

Actually, however, the problem of display history cannot 
be sufficiently solved by using a conductive alignment film 
or by shortening a frame time of a driving signal. Besides, 
by the method of mixing ions into liquid crystal before 
injection of the liquid crystal, ions are not homogeneously 
dispersed in the liquid crystal due to a chromatography 
phenomenon, whereby domains also do not become homo- 
geneous. Therefore, this method cannot be effective to solve 
the problem of display history. 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide a liquid 
crystal display element which is capable of forming fine 
domains in liquid crystal and drastically reducing influences 
of display history, as well as a method for producing the 
same. 
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To achieve the foregoing object, a liquid crystal display 
element of the present invention, which includes a pair of 
substrates with an insulating property on each of which 
electrodes are formed, an alignment film provided on at least 
one of the substrates so as to cover the electrodes thereon, 
and a liquid crystal layer made of a ferroelectric liquid 
crystal material sealed between the substrates, is character- 
ized in that the alignment film contains a substance with 
ionic bond in the vicinity of the surface or inside thereof. 

According to the foregoing arrangement, the alignment 
film contains the substance with ionic bond in the vicinity of 
its surface or inside. Therefore, ions are eluted from the 
alignment film into the liquid crystal layer, whereby ions are 
homogeneously dispersed in the liquid crystal layer. 
Therefore, during the half-tone display, fine domains are 
formed in the liquid crystal layer due to such ions, while 
influences of display history of a previous period are dras- 
tically reduced. In result, gray scale display with not less 
than two gray levels can be stably conducted. 

Incidentally, cases meant by the description "the align- 
ment film contains a substance with ionic bond in the 
vicinity of its surface or inside" include a case where the 
substance with ionic bond adheres to a surface of the 
alignment film. 

A method of the present invention for producing a liquid 
crystal display element having a pair of substrates with an 
insulating property on each of which electrodes are formed, 
an alignment film provided on at least one of the substrates 
so as to cover the electrodes, and a liquid crystal layer made 
of a ferroelectric liquid crystal material sealed between the 
substrates is characterized by having the, steps of (i) mixing 
a substance with ionic bond in an alignment film material for 
forming the alignment film, (ii) applying the alignment film 
material to at least one of the paired substrates so as to form 
the alignment film, and (iii) bonding the substrates to each 
other after the mixing and applying steps, and injecting the 
ferroelectric liquid crystal material between the bonded 
substrates. 

By the foregoing method, since a substance with ionic 
bond is previously mixed in an alignment film material, the 
alignment film formed by application of the alignment film 
material to the substrates contains the substance with ionic 
bond. Therefore, this method enables production of a liquid 
crystal display element provided with an alignment film 
containing the substance with ionic bond, without compli- 
cated steps. Thus, it is possible to easily provide a liquid 
crystal display element whose gray scale display character- 
istics are remarkably improved. 

Another method of the present invention for producing a 
liquid crystal element having a pair of substrates with an 
insulating property on each of which electrodes are formed, 
an alignment film provided at least on one of the substrates 
so as to cover the electrodes, and a liquid crystal layer made 
of a ferroelectric liquid crystal material sealed between the 
substrates is characterized by comprising the steps of (i) 
either soaking the substrates into a solution of a substance 
with ionic bond or applying the solution to the substrates, 
either before formation of the alignment film, after forma- 
tion of the alignment film, or after application of an aligning 
operation with respect to the alignment film already formed, 
and (ii) bonding the substrates to each other after the 
forgoing step, and injecting the ferroelectric liquid crystal 
material between the bonded substrates. 

By the foregoing method, since the substrates are soaked 
into a solution of a substance with ionic bond or the solution 
is applied to the substrates at any one of the foregoing stages, 
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the substance with ionic bond is infiltrated into the align- 
ment film already formed. This ensures that in the case 
where the substance with ionic bond is not contained in an 
alignment film material, the solution of the substance is 
applied to the alignment film through any step other than the 
alignment film formation step, resulting in that the substance 
with ionic bond is infiltrated into the formed alignment film. 
Therefore, by the method, without complicated steps, a 
liquid crystal display element with an alignment film which 
contains a substance with ionic bond in the vicinity of the 
surface or inside thereof can be produced simply by either 
soaking the substrates into the solution or applying the 
solution to the substrates at a desired stage. As a result, it is 
possible to provide a liquid crystal display device whose 
gray scale display characteristics are remarkably improved. 

Furthermore, still another method of the present invention 
for producing a liquid crystal display element having a pair 
of substrates with an insulating property on each of which 
electrodes are formed, an alignment film provided on at least 
one of the substrates so as to cover the electrodes, and a 
liquid crystal layer made of a ferroelectric liquid crystal 
material sealed between the substrates is characterized by 
comprising the steps of (i) forming the alignment film on at 
least one of the paired substrates, and (ii) infiltrating a 
substance with ionic bond into the alignment film. 

By the foregoing method, since a substance with ionic 
bond is infiltrated into an alignment film already formed, 
even if the substance with ionic bond is not previously 
contained in the alignment film, it is possible to produce a 
liquid crystal display element with an alignment film which 
contains a substance with ionic bond in the vicinity of the 
surface or inside thereof. Therefore, by the method, without 
complicated steps, a liquid crystal display element whose 
gray scale display characteristics are remarkably improved 
can be easily produced. 

Furthermore, still another method of the present invention 
for producing a liquid crystal display element having a pair 
of substrates with an insulating property on each of which 
electrodes are formed, an alignment film provided on at least 
one of the substrates so as to cover the electrodes, and a 
liquid crystal layer made of a ferroelectric liquid crystal 
material sealed between the substrates is characterized by 
comprising the steps of (i) infiltrating a substance with ionic 
bond into the substrates and (ii) forming an alignment film 
on at least one of the paired substrates. 

By the foregoing method, since an alignment film is 
formed on the substrates into which a substance with ionic 
bond is infiltrated, it is possible to produce a liquid crystal 
display element with an alignment film which contains a 
substance with ionic bond in the vicinity of the surface or 
inside thereof, if the substance with ionic bond is not 
previously contained in the alignment film. Therefore, by the 
method, without complicated steps, a liquid crystal display 
element whose gray scale display characteristics are remark- 
ably improved can be easily produced. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view illustrating an arrange- 
ment of a liquid crystal cell in accordance with an embodi- 
ment of the present invention. 

FIG. 2(a) is an explanatory view illustrating a liquid 
crystal layer in the liquid crystal cell shown in FIG. 1 or a 
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usual liquid crystal cell, the liquid crystal layer being aligned 
in CI orientation, and 

FIG. 2(b) is an explanatory view illustrating a liquid 
crystal layer aligned in C2 orientation. 

FIGS. 3(a) through 3(c) are schematic views illustrating 5 
behaviors of an electrical double layer formed by ions, 
which explain a reason why ions reduce influences of 
display history. 

FIG. 4(a) is a graph showing a voltage vs. transmittance 
characteristic of usual ferroelectric liquid crystal, and 10 

FIG. 4(b) is a graph showing a voltage vs. transmittance 
characteristic of ferroelectric liquid crystal used for forming 
the foregoing liquid crystal cell. 

FIG. 5 is a circuit diagram illustrating an arrangement of 3S 
a measurement device for measuring ion current flowing 
through the liquid crystal cell in accordance with Example 
1 of the foregoing embodiment. 

FIG. 6(a) is a graph illustrating change of ion current 
flowing through a cell whose alignment film does not 20 
contain TBATFMS, and 

FIG. 6(b) is a graph illustrating change of ion current 
flowing through the liquid crystal cell in accordance with 
Example 1 whose alignment film contains TBATFMS. 

FIG. 7 is a waveform chart showing a waveform of a 25 
strobe signal applied to respective liquid crystal cells in 
accordance with Examples 1 and 3. 

FIG. 8 is a waveform chart showing a waveform of a data 
signal applied to the liquid crystal cells in accordance with 
Examples 1 and 3. 30 

FIG. 9 is an explanatory view illustrating a variation 
pattern of the data signal applied to the liquid crystal cell in 
accordance with Example 1. 

FIGS. 10(a) through 10(c) are graphs illustrating optical 35 
response characteristics of liquid crystal cells of three types 
in accordance with Example 1. 

FIG. 11 is a photographic drawing illustrating domains 
appearing in the liquid crystal cell in accordance with 
Example 1, which are displayed as a halftone image on a ^ 
display screen. 

FIG. 12 is a graph illustrating an optical response char- 
acteristic of a liquid crystal cell in accordance with Com- 
parative Example with respect to Example 1. 

FIG. 13 is a graph illustrating an optical response char- 45 
acteristic of a liquid crystal cell (fourth cell) containing 
polymer or fine particles in accordance with Example 2. 

FIG. 14 is a photographic drawing illustrating domains 
appearing in the fourth cell, which are displayed as a 
half-tone image on a display screen. 50 

FIG. 15(a) is a graph illustrating an optical response 
characteristic which ferroelectric liquid crystal exhibits as a 
data signal changes, in the case display history does not 
occur, and 

FIG. 15(b) is a graph illustrating an optical response 55 
characteristic which ferroelectric liquid crystal exhibits as a 
data signal changes, in the case where display history 
occurs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
Referring to FIGS. 1, 2(a) and 2(b), 3(a) through 3(c), 
4(a) and 4(b), 5, 6(a) and 6(b), 7 through 9, 10(a) through 
10(c), and 11 through 14, the following description will 
discuss an embodiment of a present invention. 

The liquid crystal display element (hereinafter, referred to 
as the liquid crystal cell) of the present embodiment has a 
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structure as illustrated in FIG. 1. The liquid crystal cell is 
provided with two substrates 1 and 2 that have a light- 
transmitting property and an insulating property. The sub- 
strates 1 and 2 are normally made of glass substrates having 
a high light-transmitting property. 

Electrodes 3 and 4, each of which is made of a transparent 
conductive film, are formed on the respective surfaces of the 
substrates 1 and 2. The electrodes 3 and 4 are formed by 
using materials, such as In0 3 , Sn0 2 , and ITO (Indium Tin 
Oxide), that are formed into a predetermined pattern by the 
CVD (Chemical Vapor Deposition) method or the sputtering 
method. 

Transparent insulating films 5 and 6 are formed on the 
respective electrodes 3 and 4. Inorganic thin films made of 
materials such as Si0 2 , SiN^, Al^, and Ta 2 0 5 , or organic 
thin films made of materials such as polyimide, photoresist 
resin and high molecular liquid crystal, are used as the 
insulating films 5 and 6. 

The insulating films 5 and 6, when made of inorganic thin 
films, are formed by methods such as the vapor deposition 
method, the sputtering method, the CVD method and the 
solution-applying method. On the other hand, the insulating 
films 5 and 6, when made of organic thin films, are formed 
by applying a solution of an organic substance or its pre- 
cursor using the spinner coating method, the dip coating 
method, the screen printing method, the roll coating method 
or other methods, and by curing the solution under prede- 
termined setting conditions (heat, light irradiation, etc.). 
Further, the formation of the insulating films 5 and 6 made 
of organic thin films may also be carried out by the vapor 
deposition method, the sputtering method, the CVD method, 
the LB (Langumuir-Blodgett) method or other methods. 

Alignment films 7 and 8 are formed on the insulating films 
5 and 6. The alignment films 7 and 8 made of organic thin 
films are formed by using materials such as nylon 
(polyamide), polyvinyl alcohol, or polyimide, and rubbing 
(uniaxial alignment treatment) is normally applied to the 
surface thereof. The alignment films 7 and 8 are preferably 
made of polyimide. As a method for forming the alignment 
films 7 and 8 made of polyimide, a method of applying a 
soluble polyimide solution and thereafter annealing the same 
is preferable, since a superior charge maintaining property is 
obtained by the method and an annealing temperature for the 
method is low. Incidentally, alignment films made of inor- 
ganic materials such as SiO or the like, which are formed by 
an oblique evaporation method, may be used in the place of 
the foregoing organic alignment films 7 and 8. 

Polarizing plates, not shown, are formed on the other 
respective surfaces than the surfaces of the substrates 1 and 
2 having the electrodes 3 and 4. The polarizing plates are 
installed so as to optically recognize the switchover of 
optical axes of the liquid crystal that occurs when voltage is 
selectively applied to the electrodes 3 and 4. 

An electrode substrate 9 is constituted by the above- 
mentioned substrate 1, the electrode 3, the insulating film 5, 
the alignment film 7 and the polarizing plate. On the other 
hand, an electrode substrate 10 is constituted by the above- 
mentioned substrate 2, the electrode 4, the insulating film 6, 
the alignment film 8 and the polarizing plate. 

The electrode substrates 9 and 10 are bonded to each other 
through sealing material (not shown) in a manner so as to 
face at a predetermined distance from each other and so that 
the alignment of the alignment films 7 and 8 are directed in 
the same direction. The space, formed between the electrode 
65 substrates 9 and 10, is filled with a mixture containing a 
ferroelectric liquid crystal material (hereinafter referred to as 
FLC material), whereby a liquid crystal layer 11 is formed. 
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To keep a thickness (cell gap) of the liquid crystal layer the chromatography phenomenon hardly takes place in the 

11 uniform, spherical spacers 12 are provided between the alignment films 7 and 8 f since a substance with ionic bond 

electrode substrates 9 and 10. The diameter of the spacers 12 is previously mixed therein as described above and the ions 

is 1 to 30 //m, or preferably, 1 to 5 pm. are solved into the FLC material from the portions of the 

In order to arrange a plurality of pixels in a liquid crystal 5 films 7 and 8 brought into contact with the FLC material 

cell of the present embodiment, the plural electrodes (row when the FLC material is injected between the electrode 

electrodes) 3 are aligned in parallel with one another in the substrates 9 and 10. Therefore, the ions are homogeneously 

row direction, and the plural electrodes (column electrodes) dispersed in the liquid crystal layer 11, whereby influences 

4 are also aligned in parallel with one another in the column of display history are drastically reduced. As a result, gray 

direction in a manner so as to orthogonally intersect the io scale display with not less than two gray levels can be stably 

electrodes 3. With the electrode arrangement having such a conducted. 

matrix form, a pixel is formed at each portion at which the The reason why ions reduce influences of display history 

electrode 3 and the electrode 4 intersect each other. Thus, can be considered to be as follows. As shown in FIG. 3(a), 

each pixel has a construction in which the liquid crystal layer ions (indicated by "+" and in the figure) form electrical 

11 is sandwiched by the electrodes 3 and 4. Therefore, a is double layers in the vicinity of interfaces to the electrodes E 1 

number of pixels are formed by installing a number of the and When a switchover of the liquid crystal molecules 

electrodes 3 and 4, which makes it possible to provide from this state takes place, a direction of spontaneous 

display with a large capacity. polarization Ps reverses as shown in FIG. 3(b). Thereafter, 

The electrodes 3 are connected to a row-electrode driver as shown in FIG. 3(c), each electrical double layer reverses 

(not shown), and the electrodes 4 are connected to a column- 20 at substantially the same speed as the reversing speed of the 

electrode driver (not shown). The row-electrode driver sue- spontaneous polarization Ps. Thus, this quick reversion of 

cessively applies to the electrodes 3 selection voltages the electrical double layer stabilizes the spontaneous polar- 

(column voltages) for selecting the electrodes 3. On the ization Ps, thereby reducing influences of display history, 

other hand, the column-electrode driver applies to the elec- The FLC material used in the present embodiment exhib- 

trodes 4 voltages (row voltages) for switching the opera- 25 its negative dielectric anisotropy, and exhibits a voltage vs. 

tional states of the liquid crystal layer 11. memory-pulse width characteristic which has a minimum 

Pulse voltages are applied to the liquid crystal layer 11 by value, upon application of a pulse voltage. The pulse 
the row-electrode driver and the column-electrode driver. voltage, applied at this time, is a voltage which has a 
The pulse voltages are allowed to have desired rectangular waveform with different polarities at predetermined inter- 
waveforms in which the width (duration) and the height 30 vals. 

(voltage level) are variable, by combining the row voltage The FLC material, which exhibits the above-mentioned 

and the column voltage. characteristic, is allowed to select a switched state on the 

Incidentally, a substance with ionic bond is mixed in the low-voltage side and also to select a non-switched state on 

alignment films 7 and 8 in advance. Mixing of the substance 35 the high voltage side, on condition that the pulse width is 

with ionic bond may be carried out, either at a stage in which made constant. With this arrangement, the higher the voltage 

the alignment films 7 and 8 are an alignment film material is, the higher degree of stability in the non-switched state, 

yet before formation as films, or at a stage after the forma- i.e., in the holding state is obtained, resulting in that it 

tion of the alignment films 7 and 8 but before a rubbing becomes possible to reduce fluctuations in liquid crystal 

operation is applied, or at a stage after a rubbing operation 4Q molecules to a great degree. Therefore, use of the above- 

is applied to the alignment films 7 and 8. mentioned FLC material ensures reduction of leakage of 

The substance with ionic bond is not particularly limited, light, 
and it may be anything provided that it is solved in the FLC In contrast, in a commonly used FLC material, the pulse 
material thereby being dissolved into ions, but a salt made width varies virtually in inverse proportion to the voltage, 
of an organic acid and an organic base is preferable, or 45 thereby exhibiting a voltage vs. memory-pulse width char- 
tetrabutylammonium trifiuoromethanesulfonate is especially acteristic which does not have a minimum value. Therefore, 
preferable to be used as the substance with ionic bond. such an FLC material is only allowed to select a non- 
Further, pyridine trifiuoromethanesulfonate is also particu- switched state on the low-voltage side and to select a 
larly preferable. Incidentally, charge-transfer complexes are switched state on the high-voltage side, on condition that the 
not substances solved in the FLC material to be dissolved 50 pulse width is made constant. The non-switched state on the 
into ions. low-voltage side tends to cause fluctuations in liquid crystal 

A quantity of the substance with ionic bond is preferably molecules, thereby resulting in an increased leakage of light 

not less than 0.1 percent by weight (wt %), more preferably and degradation in contrast. 

not less than 0.2 wt %, or most preferably not less than 0.5 Further, as illustrated in FIGS. 2(a) and 2(b), the FLC 
wt % with respect to the FLC material, since the larger the 55 composition used in the present embodiment has a chevron 
quantity of the substance with ionic bond is, the smaller the structure wherein the smectic layers 21 are bent at their 
influence of display history is. In addition, a quantity of the center portions between the electrode substrates 9 and 10. 
substance with ionic bond is preferably not more than 5 wt Such a chevron structure includes CI orientation wherein 
%, or more preferably not more than 3 wt % with respect to the bends take place in a direction opposite to the rubbing 
the FLC material. 60 direction and C2 orientation wherein the bends take place in 
By mixing the substance with ionic bond into the align- the same direction as the rubbing direction. The CI orien- 
ment films 7 and 8 as described above, the following effect lation and the C2 orientation are obtained by achieving 
can be achieved. agreement of the rubbing directions of the electrode sub- 
In the case where an ionic substance, as in the prior art, strates 9 and 10 with each other, 
is mixed in liquid crystal before injection of liquid crystal, 65 In the case of CI orientation, liquid crystal molecules 22 
ions are not homogeneously dispersed due to a chromatog- in the vicinity of the electrode substrates 9 and 10 tend to 
raphy phenomenon. On the other hand, it is considered that easily move since they are hardly affected by the interfaces 
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between the electrode substrates 9-10 and the smectic layers The following description will explain examples of the 

21. For this reason, since liquid crystal molecules 22 in the present invention, 
smectic layers 21 all move, switching delay tends to occur. 

In contrast, in the case of C2 orientation, liquid crystal EXAMPLE 1 

molecules 22 in the vicinity of the electrode substrates 9 and 5 

10 never move, or hardly move, since they are affected by A liquid crystal of the present example was produced in 

the interfaces between the electrode substrates 9 10 and the the following manner, 
smectic layers 21. For this reason, in the smectic layers 21, 

only the liquid crystal molecules 22 that are located at First, the electrodes 3 and 4 made of ITO were formed on 

portions except for the portions in the vicinity of the *> the substrates 1 and 2, respectively, to a thickness of 1000 A 

interfaces move; therefore, it is possible to increase the each » and the insulating films 5 and 6 (trade name: A-2014, 

switching speed as compared with the case of CI orienta- produced by the Nissan Chemical Industries, Ltd.) made of 

tion. Si0 2 were formed by spin coating to a thickness of 700 A 

Thus, in the present liquid crystal cell, it is preferable for each * For the h™*™ of the insulating films 5 and 6, the 

the smectic layers 21 to have C2 orientation in a unified 15 substrates 1 and 2 were coated with an insulating-film-use 

manner. Further, a pre-tilt angle is imparted to the liquid solution by spin coating, and thereafter, the coated substrates 

crystal molecules 22 so that each liquid crystal molecule 22 1 and 2 were subjected to prebaking on a hot plate at a 

tilts at narrower angles with respect to the smectic layers 21 temperature of 60° C. for 3 minutes, then main baking at a 

which are bent to form chevron structure in C2 orientation. temperature of 200° C. for 90 minutes. Further, the sub- 

A usual FLC material exhibits an abrupt threshold char- 20 strates 1 and 2 were subjected to supersonic washing with 

acteristic as shown in FIG. 4(a), but by using an FLC usc of neutral detergent. 

material which exhibits a gradual threshold characteristic as Subsequently, an alignment film material made of poly- 
shown in FIG. 4(6), finer domains can be obtained. ^ wag ^ d ^ films 5 ^ ^ 

Incidentally, the gradual threshold characteristic indicates 25 thickness of 500 A each, whereby the alignment films 7 and 

a threshold characteristic that maximum of a voltage 8 were formed. Thereafter, a rubbing operation was apphed 

(threshold voltage width) required for changing the trans- tQ SUffaces of ^ aH films ? afld g ^ {h& ekctrode 

mittance trom iu percent to w percent is not less than 1.5 substrates 

9 and 10 were obtained. 

The FLC material having such a gradual threshold char- 30 ln tne formation of the alignment films 7 and 8, three 

acteristic can be easily obtained by making a usual FLC types of mixture solutions were obtained by mixing by 

material contain a polymer or fine particles. It is considered stirring tetrabutylammonium trifluoromethanesulfonate 

that switchings take place around the added polymer or fine (hereinafter referred to as TBATFMS) which is a substance 

particles as nuclei, whereby further finer domains are gen- with ionic bond into a soluble polyimide alignment-film-use 

erated. 35 solution so that TBATFMS accounted for 1.0 wt %, 0.5 wt 

Preferably used as the foregoing polymer is a polymer and 0.2 wt %, respectively. The three types of mixture 

disclosed in the Japanese Publication for Laid-Open Patent solutions were applied to the insulating films 5 and 6 by spin 

Application No. 236830/1997 (Tokukaihei 9-236830, which coating, and thereafter, prebaking was carried out on a hot 

corresponds to the U.S. patent application Ser. No. 09/066, plate at a temperature of 80° C. for 3 minutes, and main 

215), which is obtained by polymerizing photo- 40 baking, at a temperature of 180° C. for 90 minutes, 
polymerizable monomers having a structure expressed by 

the formula (1) below: Subsequently, a rubbing operation was conducted with 

respect to the alignment films 7 and 8 under the following 
conditions: 



or 



45 

o o /=\ / = \ diameter of rubbing roller: 150 mm 



lP~\ ff \ ff~ 0s ^^^ rotation of rubbing roller: 500 rpm 

o ^ ' i stage moving speed (moving speed of alignment films 7, 

= 8): 10 mm/s 

„ ^. . . . . . 50 repetition of rubbing operation: 3 times 

Particles of carbon black, titanium oxide, or the like are used . « c tt . , , ^ 

as the foregoing fine particles, but particles of amorphous pushing depth of cloth: 02 ^ 

titanium oxide with a diameter of about 20 nm each are Aft cr tne rubbing operation, cleaning was carried out by 

particularly preferable. It is preferable that the foregoing fine spraying nitrogen on the alignment films 7 and 8. 

particles are in a state of primary fine particles non- 55 Subsequently, spacers 12 with a diameter of 1.4 ^m each 

aggregated, and has a diameter not more than half the liquid were scattered on the alignment films 7 and 8, and the 

crystal cell gap. Furthermore, the foregoing fine particles electrode substrates 9 and 10 were bonded with a sealing 

preferably have a diameter of not greater than 400 nm, and mate rial applied to the peripheries of the substrates 9 and 10 

particularly preferably have a diameter of not greater than m a manner such that the reS pective rubbing directions of the 

100 nm, which means ; being ultrafine powder. 60 alignment fllms 7 and g ^ each ^ 

Incidentally, the FLC material used in the present embodi- ° , . . f. 
ment may be a material which exhibits positive dielectric By 510 domg ' first to third ^ were formed wth the 
anisotropy. The alignment state of the liquid crystal layer 11 soluble polyimide alignment-film-use solution in which con- 
is not limited to the state of the C2 orientation, and the tents ( ion q uantit y) of tne substance with ionic bond were 
orientation may be any one selecLed from among the CI 65 10 m 0 5 m % > and °* 2 m %> respectively, 
orientation, a book shelf orientation, and an oblique orien- Then, an FLC material which phase-shifts at the follow- 
tation * ing temperatures and which has negative dielectric anisot 
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ropy was injected in the first to third cells, and the entire levels, particularly gray scale display of not less than three 

liquid crystal layer 11 was aligned in the C2 orientations. gray levels, can be stably carried out. Furthermore, in the 

half-tone state, as shown in FIG. 11, emergence of suffi- 

(105° C) (94° c.) (74° c.) ciently fine domains (a maximum size of about 50 ^m) was 

isotropic phase - N" phase - SmA phase - SmC* phase 5 confirmed. 

On the other hand, in the case of the second cell, as shown 

tu *l « ♦ 11 /TniTTXic 1A . in FIG. 10(fc)> display was slightly affected by display 

Then, the first cell (TBATFMS: 1.0 wt %) and a com- faist of ^c^vi^pcriod. while in the case of the third 

paranve ceU which was arra^eo^n the same manner as that ceU / s ^ ^ nG > dis } was ^ b 

for the first cell except that TBATFMS was not mixed in the \ ... ftU " Jt ^. 3 A j rff 

alignment films 7 and 8 were prepared, and ion current was io dls P la y ^ory of the previous period, as compared with the 

measured by a measurement circuit shown in FIG. 5. The X T i^f'? ^ """S 

measurement circuit carried out the measurement in the TBAI^S a cell contained, the less the display of the cell 

following manner: a function (waveform) generated by a wa * °? ected of * e P revlous P enod - . 

function generator 31 was applied to a test cell C (capacitor), Furthermore, m the case where the data signal variation 

and ion current flowing through the test cell C was converted 1S P attern f was re P e , tlU °? ° f bla< * data ™ d ^te data ( ln . the 

into a voltage by a resistor R, which was measured by a ca f of ^.^1™% two gray levels), to mix a 

voltmeter 32 connected with the resistor R in parallel. The substance with ionic bond is effective to reduce influence of 

measurement conditions were set as follows. The waveform display mstory. . . . 

generated by the function generator 31 was a square wave- u Here : «™"™»«ed light quantity variation in the case 

form with a frequency of 1 kHz and with an amplitude of whe ' e j he ^mentioned strobe signal and data signal were 

±10 V. A resistance of the resistor R was 200 £3, while the 20 a PP hed '° the ""^P"*** ««» sh , 0WD m FIG. 12. This 

ambient temperature was set to 30° C. mi * es " clear . th , al dunn « a period while 

In result, as shown in FIG. 6(«), no ion current, other than h f lf - to - n ? data F w « re dls P la y ed was , 8 reatl y affected b y 

slight current which reverses the spontaneous polarization P^y h^tory of the previous period. 

(Ps), flew through the comparative cell as the test cell C. On ^ descr&ed above, in the present example by mixing a 

the other hand, ion current flowing through the first cell as * substance with ionic bond into the alignment films 7 and 8, 

the test cell C remarkably increased particularly at about a ft""" homogeneously dispersed in the liquid crystal layer 

timing of a peak of the spontaneous polarization, as shown 11 reduces ( influence of display history, 

in FIG. 6(6). This shows that since the FLC material was , m that gray scale display with not less than two 

injected into the cell after formation therein of the alignment levels ^ be s,abl y «>«"»««>• 

films 7 and 8 in which a substance with ionic bond had been 30 EXAMPLE 2 
mixed, ions were solved into the liquid crystal layer 11. 

Then, a strobe signal in a waveform shown in FIG. 7 was The following description will explain a modification of 

applied to either the substrate 9 or 10 of each of the first the example 1. 

through third cells, while a data signal in a waveform shown A liquid crystal cell in accordance with the present 

in FIG. 8 was simultaneously applied as well. The strobe 35 example was produced by injecting a mixture obtained by 

signal was formed by providing a positively polarized pulse adding to the FLC material a polymer of 0.1 wt % with 

with a voltage level of Vs, a negatively polarized pulse with respect to the weight of the FLC material or fine particles of 

a voltage level of -Vs/2, a negatively polarized pulse with 2 wt % with respect to the weight of the FLC material to that 

a voltage level of -Vs, and a 0 level in one frame. sealed in the foregoing first cell, into an empty cell (cell 

Hie data signal was a square pulse whose maximum before injection of liquid crystal material) identical to the 

voltage and minimum voltage were Vd and -Vd, first cell 

£Ettf I'hT ^ 7?" 1 7?' ,* Sh ? WS °.H ly 3 A P 01 )™* wh ich is obtained by polymerizing photopo- 

waveform of the data signal for 4 s ots (one line address lyme £/ ble monomers expressed by die aforementioned 

penod), which is a basic waveform of the data signal ;butfl* fomula (1) fa suitabk J ^ fore £ d j whi]e 

C^^^T^™' 3 ™*'*'' 1 ***""* « Particles of amorphous titanium oxide with a Tameter of 

the entire frame duration. 45 on r . 4 , . , c c 

-r.. . , v . CJiiL about 20 nm is suitable as the foregoing fine particles. 

This data signal has pulses whose phases are fixed at the _ _ . . . . . & & r 

fourth slot but vary in accordance with gray levels at the first Variation of quantity of light transmitted through a fourth 

and second slots in the former half of the basic waveform, cel1 thus P roduced when tne strobe sl g Qa * and the data signal 

so that they are balanced in DC terms during one line used in the example 1 were applied is shown in FIG. 13. This 

address period. In other words, with this data signal, gray 50 figure clearl y mustrates that dls P la y dun ng a period while 

levels can be expressed by pulse phases in the former half. naif-tone data are displayed was seldom affected by display 

As shown in FIG. 9, one set of black data, half-tone data nistor y of a P revious period. Besides, in the half-tone state, 

(transparency of 50%), white data, and half-tone data was emergence of further finer domains (at intervals of 10 /«n 

repeatedly applied as a data signal. each ) ihm those 10 lhe case of the first ^ m Example 1 (see 

Variation of quantities of light transmitted through the „ F,G ' 1V > was confirmed as shown in FIG. 14. This ensures 

first, second, and third cells herein are shown in FIGS. 10(a) mat more 6 radual & a y vanation with more gray levels in 

through 10(c), respectively. Conditions in the transmitted number can be realized as the voltage applied to the liquid 

fight quantity measurement were as follows: slot time and cr y staI vanes * Therefore, it is possible to improve the 

Vd were 4.57^ and 3 V, respectively, common to the first digital-type abrupt threshold characteristic of the conven- 

through third cells, while Vs was set to 37.7 V for the first tl L onal ferroele ctric liquid crystal to an analog-type gradual 

cell, 44.7 V for the second cell, and 42.3 V for the third cell. 60 threshold characteristic. This ensures that high-performance 

The transmitted fight quantity variation in the case of the "^0™ display is realized, 

first cell was, as shown in FIG. 10(a), characterized in that EXAMPLE 3 
display during a period while half-tone data were displayed 

was not affected by display history of a previous period. A liquid crystal cell of the present example was produced 

Besides, intensity of the transmitted light in the half-tone 65 in the following manner. 

state varies with variation of a voltage of the strobe signal. First, the electrodes 3 and 4 made of ITO were formed on 

Therefore, gray scale display of not less than two gray the substrates 1 and 2, respectively, to a thickness of 1000 A 
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each, and the insulating films 5 and 6 were formed by spin 
coating to a thickness of 700 A each. For the formation of 
the insulating films 5 and 6, the substrates 1 and 2 were 
coated with an insulating-film-use solution by spin coating, 
and thereafter, the coated substrates 1 and 2 were subjected 5 
to prebaking on a hot plate at a temperature of 60° C for 3 
minutes, then main baking at a temperature of 200° C. for 90 
minutes. Further, the substrates 1 and 2 were subjected to 
supersonic washing with use of neutral detergent. Interme- 
diate substrates were thus obtained. This process so far is 
identical to the cell producing process of Example 1. The 
following step of causing the intermediate substrates to 
absorb a substance with ionic bond is an aspect which differs 
the cell production in the present example from the cell 
production in Example 1. 

As the step of causing the intermediate substrates to 15 
absorb the substance with ionic bond, either a step A or a 
step B was carried out in the present example. The step A is 
a step of soaking the intermediate substrates in an isopropyl 
alcohol solution with 1.0 wt % of TBATFMS, and thereafter 
spinning the intermediate substrates by a spinner so that the 20 
intermediate substrates are dried up. On the other hand, the 
step B is a step of applying an isopropyl alcohol solution 
with 1.0 wt % of TBATFMS to the intermediate substrates 
by spin coating or roll coating, and thereafter drying the 
intermediate substrates by use of a hot plate. Note that here 25 
the spin coating method was used for the application of the 
solution. 

Six sample cells #1 through #6 were produced through six 
different cell producing processes, respectively, which, as 3Q 
shown in Table 1 below, differed in the timing when the step 
of causing the intermediate substrates to absorb the sub- 
stance with ionic bond (the step A or B) was performed as 
well as in the type of the step. More specifically, the sample 
cells #1 and #2 were produced by conducting the steps A and 35 
B, respectively, before the alignment film formation step. 
The sample cells #3 and #4 were produced by conducting the 
steps A and B, respectively, between the alignment film 
formation step and the rubbing step. The sample cells #5 and 
#6 were produced by conducting the steps A and B, ^ 
respectively, between the rubbing step and the rubbing 
washing step (washing step after rubbing). 
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coating, and prebaking was carried out on a hot plate at a 
temperature of 80° C, for 3 minutes, and main baiting, at a 
temperature of 180° C. for 90 minutes. The mixing of a 
substance with ionic bond into the alignment film material 
like in the case of Example 1 was not conducted. The 
rubbing step and the bonding step were carried out under the 
same respective conditions as those for the same steps for 
Example 1, and consequently six types of empty cells were 
obtained. By injecting the FLC material used for the first 
through third cells of Example 1 into these empty cells, the 
sample cells #1 through #6 were finished. 

Here, as a result of applying to the sample cells #1 through 
#6 the strobe signal and the data signal used in Example 1, 
it was confirmed that the sample cells #1 through #6 exhibit 
optical response characterized in that display during a period 
while half-tone data are displayed is not affected by display 
history of a previous period as shown in FIG. 10(a), like in 
the first cell of Example 1. 

EXAMPLE 4 

A liquid crystal mixture which is obtained by adding the 
aforementioned polymer or fine particles into an FLC mate- 
rial identical to that sealed in the sample cells #1 through #6 
was injected into empty cells corresponding to the sample 
cells #1 through #6, whereby six sample cells different from 
the sample cells #1 through #6 were produced. 

As a result of application of the aforementioned strobe 
signal and data signal to the sample cells, emergence of very 
fine domains was confirmed in the half-tone state, like in the 
case of the fourth cell of Example 2 (see FIG. 14). This 
ensures that more gradual gray variation with more gray 
levels in number can be obtained as the voltage applied to 
the liquid crystal varies. Therefore, it is possible to improve 
the digital-type abrupt threshold characteristic of the con- 
ventional ferroelectric liquid crystal to an analog-type 
gradual threshold characteristic. This ensures that high- 
performance half-tone display is realized. 

As described above, in the cases of Examples 3 and 4, the 
substance with ionic bond is infiltrated either through sur- 
faces of the insulating films 5 and 6 or through surfaces of 
the alignment films 7 and 8 before or after the rubbing 



TABLE 1 



SAMPLE 

NUMBER PROCESS 



#1 


STEP A 


ALIGNMENT 
FILM 

FORMATION 




RUBBING 




RUBBING 
WASHING 


BONDING 


#2 


STEP B 


ALIGNMENT 
FILM 

FORMATION 




RUBBING 




RUBBING 
WASHING 


BONDING 


#3 




ALIGNMENT 
FILM 

FORMATION 


STEP A 


RUBBING 




RUBBING 
WASHING 


BONDING 


#4 




ALIGNMENT 
FILM 

FORMATION 


STEP B 


RUBBING 




RUBBING 
WASHING 


BONDING 


#5 




ALIGNMENT 
FILM 

FORMATION 




RUBBING 


STEP A 


RUBBING 
WASHING 


BONDING 


#6 




ALIGNMENT 
FILM 

FORMATION 




RUBBING 


STEP B 


RUBBING 
WASHING 


BONDING 



For formation of the alignment films 7 and 8, an align- 
ment film material made of soluble polyimide was applied to 
the insulating films 5 and 6 to a thickness of 500 X by spin 



operation, unlike in the cases of Examples 1 and 2 where the 
substance with ionic bond is mixed in material used for 
formation of the alignment films 7 and 8. This causes ions 
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to homogeneously disperse throughout the liquid crystal 
layer 11. Consequently the influence of display history is 
drastically reduced, resulting in that gray scale display with 
not less than two gray levels can be stably conducted. 

Furthermore, in the present example, as described above, 5 
either the step A or B is conducted at any desirable one of 
the three stages, resulting in that either the step A or B is 
conducted at an optimal stage in the manufacturing process. 

As has been described above, the liquid crystal display 
element of the present invention includes (i) a pair of 10 
substrates 1 and 2 with an insulating property on each of 
which electrodes 3 and 4 are formed, (ii) at least either of 
alignment films 7 and 8 provided on at least one of the 
substrates 1 and 2 so as to cover the electrodes 3 and 4, and 
(iii) a liquid crystal layer 11 made of a ferroelectric liquid 15 
crystal material sealed between the substrates 1 and 2, and 
is arranged so that the alignment film 7 and 8 are made of 
an alignment film material containing a substance with ionic 
bond. 

20 

With the foregoing arrangement, since the substance with 
ionic bond is previously mixed in the alignment films 7 and 
8, ions from the alignment films 7 and 8 are solved into the 
liquid crystal layer 11, thereby becoming homogeneously 
dispersed in the liquid crystal layer 11. Therefore, during the 25 
intermediate display, such ions promote formation of fine 
domains in the liquid crystal layer 11, as well as cause 
remarkable reduction of influences of display history of a 
previous period. Therefore, gray scale display with not less 
than two gray levels can be stably carried out. 3Q 

Furthermore, as described above, a liquid crystal display 
element includes (i) a pair of substrates 1 and 2 with an 
insulating property on each of which electrodes 3 and 4 are 
formed, (ii) at least either of alignment films 7 and 8 
provided on at least one of the substrates 1 and 2 so as to 35 
cover the electrodes 3 and 4, and (iii) a liquid crystal layer 
11 made of a ferroelectric liquid crystal material sealed 
between the substrates 1 and 2, and is arranged so that the 
alignment films 7 and 8 are caused to have the substance 
with ionic bond in the vicinity of the surface or inside 40 
thereof, by either soaking the substrates 1 and 2 into a 
solution of the substance with ionic bond or applying the 
solution onto the substrates 1 and 2, either before formation 
of the alignment films 7 and 8 on the substrates 1 and 2, after 
formation of the alignment films 7 and 8 on the substrates 1 45 
and 2, or after an alignment operation conducted with 
respect to the alignment films 7 and 8 after formation 
thereof. 

With the foregoing arrangement, the substance with ionic 
bond is not contained in the alignment films 7 and 8, but the 50 
substance with ionic bond is directly or indirectly adhered to 
the alignment films 7 and 8 at any one of the foregoing 
stages. As a result, the substance is infiltrated into the 
alignment films 7 and 8. Then, ions are eluted from the 
alignment films 7 and 8 into the liquid crystal layer 11, 55 
thereby becoming homogeneously dispersed in the liquid 
crystal layer 11. In result, during half-tone display, fine 
domains are formed, while influences of display history of 
a previous period are drastically reduced. Therefore, gray 
scale display with not less than two gray levels can be stably 60 
conducted. 

Furthermore, as described above, the ferroelectric liquid 
crystal material preferably has a gradual threshold charac- 
teristic with respect to a transmittance varying with a 
liquid-cryslal-applied voltage. By using such ferroelectric 65 
liquid crystal material having a gradual threshold 
characteristic, multiscale display can be easily realized. 



Furthermore, as described above, the ferroelectric liquid 
crystal material contains polymer or fine particles. With this 
arrangement, fine domains are easily obtained. Therefore, 
analog-type gray scale display can be realized. 

Furthermore, as described above, the ferroelectric liquid 
crystal material preferably exhibits negative dielectric 
anisotropy. With the use of the ferroelectric liquid crystal 
material, if a pulse signal applied thereto is arranged so as 
to have a constant pulse width, a non-switching region can 
be set on both the low voltage side and the high voltage side, 
while a switching region can be set between the non- 
switching regions. With this arrangement, by using the 
non-switching region on the high voltage side, stability of 
the non-switched state (holding state) is enhanced, resulting 
in that leakage of light is reduced and hence contrast is 
improved. 

Furthermore, as described above, the alignment films 7 
and 8 are preferably formed on both the substrates 1 and 2, 
respectively, and a uniaxial aligning operation in one and 
same direction is preferably applied to both of the alignment 
films 7 and 8. This makes the smectic layers composed of 
liquid crystal molecules in the liquid crystal layer 11 bent in 
a uniform direction, whereby the CI orientation or the C2 
orientation is obtained. Therefore, gray scale display taking 
advantages of the characteristics of the CI or C2 orientation 
can be carried out. 

Furthermore, as described above, each liquid crystal mol- 
ecule in the liquid crystal layer U preferably tilts toward a 
side on which smectic layers constituting the liquid crystal 
layer 11 are bent, or in other words, the C2 orientation is 
preferable. In the case of the C2 orientation, liquid crystal 
molecules in the smectic layers in the vicinity of the sub- 
strates 1 and 2 never move, or hardly move, since they are 
affected by the interfaces between the substrates 1 and 2 and 
the smectic layers. For this reason, in the smectic layers, 
only the liquid crystal molecules that are located at portions 
except for the portions in the vicinity of the interfaces move, 
and therefore, it is possible to increase the switching speed. 
As a result, an FLC display element with a high response 
speed can be provided. 

As described above, a method of the present invention for 
producing a liquid crystal display element having a pair of 
substrates 1 and 2 with an insulating property (including 
insulating films 5 and 6) on each of which electrodes are 
formed, at least one of alignment films 7 and 8 provided on 
at least one of the substrates 1 and 2 so as to cover the 
electrodes 3 and 4, and a liquid crystal layer 11 made of a 
ferroelectric liquid crystal material sealed between the sub- 
strates 1 and 2 is arranged so as to have the steps of (i) 
mixing a substance with ionic bond in an alignment film 
material for forming the alignment films 7 and 8, (ii) 
applying, by roll coating, spin coating, or the like, the 
alignment film material to at least one of the paired sub- 
strates 1 and 2 so as to form the alignment films 7 and 8, and 
(iii) bonding the substrates 1 and 2 to each other after the 
mixing and applying steps, and injecting the ferroelectric 
liquid crystal material between the bonded substrates 1 and 
2. 

By the foregoing method, since a substance with ionic 
bond is previously mixed in an alignment film material, the 
alignment films 7 and 8 formed by application of the 
alignment film material to the substrates contain the sub- 
stance with ionic bond. Therefore, this method enables 
production of a liquid crystal display element provided with 
the alignment films 7 and 8 containing the substance with 
ionic bond, without complicated steps. Thus, it is possible to 
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easily provide a liquid crystal display element whose gray a quantity of said substance with ionic bond is not less 

scale display characteristics are remarkably improved. than 0.1 percent by weight with respect to said ferro- 

As described above, another method of the present inven- electric liquid crystal material, 

tion for producing liquid crystal element having a pair of , 2. The liquid crystal display element as set forth in claim 

substrates 1 and 2 with an insulating property on each of 5 1, wherein said alignment film is formed with use of an 

which electrodes 3 and 4 are formed, at least one of ah^ment film matenal contammg said substance with ionic 

alignment films 7 and 8 provided at least on one of the * V-u r m * i j- i i * * r ^ • i * 

U. • i j i * 4 * i * j i j j j 3. The liquid crystal display element as set forth in claim 

substrates 1 and 2 so as to cover the electrodes 3 and 4, and 2 wherein 4 said & gP nJt fiL is formed by baking said 

a l.quid crystal layer 11 made of a ferroelectric liquid crystal alignment film staining said substance with ionic 

material sealed between the substrates 1 and 2 is arranged so 30 \y 0 ^ 

as to have the steps of (i) either soaking the substrates 1 and 4 . ^he liquid crystal display element as set forth in claim 
2 into a solution of a substance with ionic bond or applying lf wherein said alignment film is caused to have said 
the solution to the substrates 1 and 2, either before formation substance with ionic bond in a vicinity of surface or inside 
of the alignment films 7 and 8, after formation of the thereof, by either soaking said substrates into a solution of 
alignment films 7 and 8, or after application of an aligning 15 said substance with ionic bond or applying said solution 
operation with respect to the alignment films 7 and 8 already onto said substrates, either before formation of said align- 
formed, and (ii) bonding the substrates 1 and 2 to each other ment film on said substrates, after formation of said align- 
after the forgoing step and injecting the ferroelectric liquid ment film on said substrates, or after an alignment operation 
crystal material between the bonded substrates 1 and 2. conducted with respect to said alignment film after forma- 

By the foregoing method, since the substrates land 2 are 20 tl0 ° £f re ? f * .„ , „. , „ 

soaked into a solution of a substance with ionic bond or the , 5. Ilie hquid crystal c^spiay element as set forth in claim 

solution is applied to the substrates land 2 at any one of the X > s ? ld if*?* ?"? ^P* crystal material has a 

foregoing stages, the substance with ionic bond L infiltrated f radual threshold charac enstic with respect to a transmit- 

into the ali£ ment films 7 and 8 already formed. This g£ ™ ymg ^ a appUed t0 Said hqUld CfyStal 

ensures that in the case where the substance with ionic bond 25 6 xhe u id tal di { element ^ set forth in ckim 

is not contained in an alignment film material, the soluhon 5> wherein said f erroe lectric liquid crystal material contains 

ol the substance is applied to the alignment films 7 and 8 polymer or fine particles. 

through any step other than the alignment film formation 7. The liquid crystal display element as set forth in claim 

step, resulting in that the substance with ionic bond is 1, wherein the ferroelectric liquid crystal material exhibits 

infiltrated into the formed alignment films 7 and 8. negative dielectric anisotropy. 

Therefore, by the method, without complicated steps, a 8. The liquid crystal display element as set forth in claim 

liquid crystal display element with at least an alignment film 7, wherein said ferroelectric liquid crystal material exhibits 

7 or 8 which contains a substance with ionic bond in the a voltage vs. memory-pulse width characteristic which has 

vicinity of the surface or inside thereof can be produced a minimum value, upon application of a pulse voltage, 

simply by soaking the substrates 1 and 2 into the solution or 35 9 - The liquid crystal display element as set forth in claim 

applying the solution to the substrates 1 and 2 at a desired wherein said alignment film is formed on a surface of each 

stage. As a result, it is possible to provide a liquid crystal of ^ substrates, and a uniaxial aligning operation in one 

display device whose gray scale display characteristics are and d i rection is applied to both of said alignment films, 

remarkably improved ^he liquid crystal display element as set forth in claim 

The invention being thus described, it will be obvious that 40 , 9 ' wh ™ n ? ch Kquid Cfy f 1 m0 ^ e ^ V** 

tu cnmo ««„ u * a • c u • laver tuts at narrower angles with respect to smectic layers 

the same may be varied in many ways. Such variations are , _ < , . f . ^ t , , 

™* t« u 0 rann ^A ^ a L *u i which are bent to form the chevron structure and which 

not to be regarded as a departure from the spirit and scope ^ t ,. . , A , , 

~f iu~ a ii u a-* i, f. constitute said liquid crystal layer. 

oi the invention, and all such modifications as would be n *™ i- *j * i j- t i . /*..,. 

obvious to one skilled in the art are intended to be included „ , U .™ e hqu ?? c ^ l f ^P 1 "? ,, e l em . en ? forth in cbum 

within the scope of the foUowing claims. 45 said substance with ionic bond » a substance 

What is claimed is* which is soluble m said ferroelectric liquid crystal material 

* A ,. . \. i , . . . . - so as to be dissolved into ions. 

~\~„<^a^ f a r * «i .j j . " 1, wherein said alignment film is made of polyimide con- 
electrodes are formed, an alignment film provided on at least gn /■ . *. . . , , ^ ' 

one of said substrates so as to cover said electrodes, and a 50 'T™!^ H T J™'. . , f * • 

liquid crystal layer made of a ferroelectric liquid crystal ^J^t^^f ***y**™« asse J forth in claun 

material sealed between said substrates, 12 ; i where f ln fV? all 8 nme ° , film * fora * ** bakm &. « 

, ., _. solution ot soluble polyimide containing said substance with 

wherein said alignment film contains a substance with j on j c bond. 

ionic bond in a vicinity of surface or inside thereof; 55 

said substance with ionic bond is a salt; and * * * * * 
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